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Abstract 

There are 158 sampling points to be set up in the Pearl River delta economic 
region. The collecting period is mostly one year, namely, from July 2007 to 
July 2008. The eight heavy metal elements of Cr, Ni, Cu, Pb, Zn, As, Hg, and 
Cd in 474 dry and wet deposition samples were tested in terms of the stan-
dard procedures. Their average annual fluxes have no obvious difference be-
tween dry deposition and wet deposition. So these elements might be at an 
equilibrium or quasi-equilibrium state between dry deposition and wet depo-
sition. 
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1. Introduction 

Heavy metal elements are main pollutions in the atmosphere into which they are 
mainly discharged by human activities (Al-Khashman, 2009). They are characte-
rized by multiple sources (Das et al., 2010; Budhavant et al., 2011) and long-lasting 
suspending in the atmosphere (Gong Xiangyi et al., 2006), and especially they 
might be transformed into organic chemicals more toxic than themselves under 
some conditions. These pollutions elements are harmful to our health on one 
hand directly by entering our bodies through hands, mouths, noses, and skins 
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and on the other hand indirectly by entering our food chains through a biogeo-
chemical circle beginning with atmospheric dry and wet deposition (Cheng & 
You, 2010). Therefore, heavy metal elements from atmospheric dry and wet de-
position have become important indexes to monitor and assist the degree of at-
mospheric environmental pollution home and abroad (Han Yong-ming et al., 
2006; Singh & Mondal, 2008).  

Our study region is the Pearl River delta economic region, Guangdong Prov-
ince, which has been one of the high speed economic development regions in 
China. The people’s life level there has significantly been promoted by the high 
speed economic development in recent more than 30 years, but such a develop-
ment had brought about considerably serious environmental problems, espe-
cially the organic pollution of polycyclic aromatic hydrocarbons (PAH) and the 
inorganic pollution of heavy metal elements. We are to focus on heavy metal 
elements from atmospheric dry and wet deposition in this region. In this paper, 
we reported the 2007-2008 monitoring results of these heavy metal elements, 
studied their space-time distributed characteristics using a multiple unit statis-
tical method, and analyzed their comprehensive pollution level.  

2. Sampling and Testing 

We set up 128 sampling points throughout the study region. They were evenly 
assigned roughly in terms of landscape and administrative areas, but their den-
sity was doubled in the four serious atmospheric pollution areas of Guangzhou, 
Foshan, Dongguan, and Shenzhen. There are 474 samples of dry deposition and 
wet deposition to be collected. The collecting canisters should be placed at open 
and flat places which are far from chimneys, roads, pollution sources and so on. 
They should firmly be fixed to prevent them from moving by wind. Their 
mouths should be covered with nylon yarn nets to prevent others different from 
dry and wet depositions from entering them. Finally, a certain amount of dis-
tilled water should be maintained in these canisters to prevent dry deposition 
from scattering and disappearing during a long time of no raining. Collecting of 
dry and wet depositions in canisters as samples is carried out according to prac-
tical cases (Lu Lu et al., 2012).  

The treat and test of samples were carried out in the Hefei Test Center of 
Mineral Sources, The Ministry of Land and Sources and the Central Lab of In-
stitute of Geophysical and Geochemical Exploration, Chinese Academy of Geo-
logical Science, respectively. There are the eight elements of Cr, Ni, Cu, Pb, Zn, 
As, Hg, and Cd to be tested for all samples. For liquid samples (namely, liquid 
parts of samples) which did not need to extract previously, their Cu, Pb, Zn, Cd, 
Cr, and Ni are tested directly using the ICP-MS method, while their As and Hg 
are tested using the AFS method .  

3. Data Analyses 

The data analyses of the test results were completed by Excel and SPSS. 
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3.1. Contents of Heavy Metal Elements 

In order to obtain the most typical contents of heavy metal elements in atmos-
pheric dry and wet deposition, a sample in which the content of some element is 
more than its average plus three times of the standard deviation must be ex-
cluded before the data analyses. Moreover, a sample must be excluded even if it 
has only an element whose content exceeds the above standard. 

A part of the statistical results for eight heavy metal elements in the tested 
samples and is listed in Table 1, including the corresponding data in some other 
sources for comparison. It can be seen that whatever samples are of dry deposi-
tion or of wet deposition, their average contents of the heavy metal elements are 
much more than those in soil in the same areas, in the crust, and in the Yangtze 
River water system. Moreover, both the average ratios of the contents of the 
eight elements in dry deposition to the corresponding contents in wet deposition 
samples and the averages of such ratios are arranged in the same order from 
high to low: Cr > Ni > Cu > Pb > As > Hg > Cd > Zn, although the two kinds of 
ratio have some systematic difference. Considering that the collecting period of 
most samples is one year, this arrangement order shows that these heavy metal 
elements be at an equilibrium or quasi-equilibrium state between dry deposition 
and wet deposition. So these ratios and their averages can be seen as the indi-
vidual average distribution coefficients of these elements in the two phases. They 
mean that individual elements are assigned to the dry deposition and the wet  
 
Table 1. Contents of heavy metal elements in atmospheric dry and wet deposition sam-
ples. 

Elements As Hg Cd Cr Cu Pb Zn Ni 

Sample amount 149 153 128 129 115 133 122 133 

Dry sample 
unit (μg/g) (ng/g) (ng/g) (μg/g) (μg/g) (μg/g) (μg/g) (μg/g) 

average 22.8 408.4 0.279 209.4 206.5 358.1 652.2 71.8 

Average of the crust, 
tong 1990 

2.2 89 0.200 110 63 12 94 89 

Soil in Parcel River delta 
(Zhu Lixin et al., 2002) 

13 87 0.350 69 28 36 95 28 

Wet sample 
unit (μg/L) (ng/L) (ng/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) 

average 2.5 50.3 0.048 0.6 5.8 12.8 155.9 1.5 

Average of the overall 
Yangtze River water system 
(Zhang Licheng et al., 2006) 

0.88 23 0.02 0.9 1.26 0.71 4.18 0.61 

Dry sample/wet 
sample 

unit (L/g) (L/g) (L/g) (L/g) (L/g) (L/g) (L/g) (L/g) 

average 20.3 16.7 8.8 586.0 141.4 60.2 6.8 240.0 

Average of dry 
sample/average 
of wet sample 

unit (L/g) (L/g) (L/g) (L/g) (L/g) (L/g) (L/g) (L/g) 

ratio 9.3 8.1 5.8 360.1 35.7 27.9 4.2 47.9 
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deposition in different proportions. In other words, although from the existing 
information we do not definitely know the dissolutions of individual elements in 
the atmosphere, from their ratios between the two phases we can know not only 
their individual relative dissolutions, namely, a dissolution order inverse to the 
above arrangement order, but also their individual proportional relations in the 
two phases. These relations would depend on the chemical property of these 
heavy metal elements and at the same time show their characteristics of super-
gene behavior. 

3.2. Annual Fluxes of Dry Deposition and Wet Deposition 

As mentioned above, the collecting periods of samples are different, although 
most is one year. In order to correct errors due to such a difference, the collect-
ing periods are standardized in terms of 365 days. Then the annual flux of dry 
and wet deposition for every sampling point is calculated by the following for-
mulas: 

dF D a C= ∗  

365C t=  

where Fd (unit: g/m2 or L/m2) is the annual flux of dry (or wet) deposition, D 
(unit: g or L) is the measured value of dry (or wet) deposition, a (unit: m2) is the 
area of the collecting canister mouth, C is the year coefficient, and t is the day 
amount of actually collecting deposition in an year. 

Given the mouth area of 436.74 cm2, it was obtained by calculation that the 
annual flux of the dry deposition is in a range of 12.13 g/m2 - 377.03 g/m2, aver-
aging 81.49 g/m2, with a variation coefficient of 1.22, while the annual flux of the 
wet deposition is in a range of 70.44 L/m2 - 1727.46 L/m2, averaging 1218.40 
L/m2, with a variation coefficient of 4.01. The contours of the annual fluxes of 
dry deposition (namely, atmospheric dust or air-fall) and wet deposition (name-
ly, atmospheric precipitation) in the study region are shown in Figure 1 and 
Figure 2. 

It can be seen from Figure 1 that a crowd of high value points of the annual 
flux of dry deposition occur in the west part of Huizhou City where there are 
two obviously abnormal areas. One is located between Gongzhuang Town and 
Mapi Town in the north part of Boluo County; another is located near Zhenlong 
Twon of Huiyang District.  

Other high value points are scattered in the east part of Huizhou, within 
Shenzhen urban area, in the juncture between Guangzhou City and Dongguan 
City, from Danzao Town to Nanhai Town in the central part of Foshan City, in 
Dawang Town on the west margin of Zhaoqing City, and from Baoan to Fuyong 
in the west part of Shenzhen City. 

Middle value points are seen in the south and north parts of Jiangmen and 
Zhongshan Cities, and throughout the Zhuhai City and throughout Guangzhou, 
Foshan, and Zhaoqing Cities, where there also are some low value points. 
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Figure 1. Distribution of annual flux of dry deposition (Namely, atmospheric dust or air fall) in the Parcel River delta. 

 
In fact, these high and middle value points are highly discharging places of 

industrial waste material. For example, according to the in-situ investigation, 
there are many cement mills in these two places. They might be the main cause 
to lead the high flux of dry deposition. 

However, there is a high value point near Guangtang Town, Enping, in the 
west part of Jiangmen City. By checking the original data, the high value there is 
due to the dry deposition collected in sampling point No. 306. This sample is a 
few ten times heavier than samples around other sampling points. Moreover, its 
element association is obviously different from that of nearby samples. This is 
not normal. If this sampling point is excluded, the area near Guangtang Town 
like the nearby areas will be of a low value. It seems to us that there are two pos-
sibilities to cause this abnormal case: one is due to a high discharging source or 
another is due to a problem with sampling. What actually caused it will remain 
to further investigate. 

On the other hand, it can be seen from Figure 2 that low value points of the 
annual flux of wet deposition are scattered in the most of Foshan and Zhaoqing  
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Figure 2. Distribution of annual flux of wet deposition (Atmospheric precipitation) in the Parcel River delta. 

 
Cities, in the south part of Guangzhou City, and in the north part of Zhongshan 
City. Such coastal areas as Huizhou, Zhuhai, and Jiangmen Cities have of high 
values the rest areas are dominated by middle values. Huizhou City and the 
north part of Guanzhou City seem to be special cases in which the annual flexes 
of wet deposition are very high. What meteorological factors control them is not 
known at present. It is no doubt that how far from the ocean should be an im-
portant factor to determine how many wet deposition. 

4. Conclusion 

1) The average annual fluxes of these eight heavy metal elements of Cr, Ni, 
Cu, Pb, As, Hg, Cd, and Zn have no obvious difference between dry deposition 
and wet deposition are not obvious in the Parcel River delta, and so these ele-
ments might be at an equilibrium or quasi-equilibrium state between dry depo-
sition and wet deposition. 

2) In the Parcel River delta economic region, the annual fluxes of dry deposi-
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tions average 81.49 g/m2, while the annual fluxes of wet depositions average 
1218.40 L/m2.  
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